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Abstract 
Nitrate containing wastes are generated at various stages of the nuclear fuel cycle; fuel fabrication and 
reprocessing. A treatment process for removing nitrate from such concentrated nitrate bearing effluents 
is needed. Among other available options, biological denitrification is an economical and technically 
feasible method for nitrate removal. Granular biofilm based sequencing batch reactors (SBRs) may 
allow designing compact and high rate processes suitable for the treatment of concentrated effluents. 
Hence experiments were carried out in laboratory scale sequencing batch reactors (SBRs) to develop 
granular biofilms (composed of mixed microbes) for removing nitrate from the concentrated nitrate 
containing-media. Microbial granular biofilms, capable of consuming nitrate up to 2710 mg/l nitrate -N, 
were developed under anaerobic conditions in a 6-litre volume sequencing batch reactor (SBR). The 
SBR was inoculated with activated sludge flocs and operated with 24-h cycle and 50% volumetric 
exchange ratio. Synthetic media containing acetate as the energy source and electron donor, at carbon 
to nitrogen molar ratio of 2:1 and 3:1 was fed into the SBRs. Nitrate-N concentration in the SBR was 
increased in a step-wise manner starting from 677 to 2710 mg/l (1355 to 5420 mg/l in the feed). 
Complete removal of influent nitrate occurred within the first few hours of SBR cycle period. Effluent 
nitrate and nitrite levels (~3 mg /l nitrate-N or nitrite-N) at the end of SBR cycle period (24 h) were 
found to be below the discharge limits. Under these conditions biomass predominantly consisted of 
granular biofilms. Results show the potential of granular biofilm based SBR for converting nit rate to 
nitrogen gas from concentrated nitrate bearing industrial effluents. 
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1. Introduction 
Many industries including nuclear facilities generate high nitrate containing effluents. Nitrate wastes 
are generated at various stages of the nuclear fuel cycle; fuel fabrication and reprocessing. Treating and 
disposing of such concentrated wastes becomes a major concern. Methaemoglobinemia, als o known as 
blue-baby syndrome, is caused in infants by consumption of high-nitrate water.  
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So, nitrate is considered a priority pollutant and regulatory bodies require the industries to bring down 
the nitrate levels prior to discharge to the environment. Permissible level for nitrate in drinking water is 
10 ppm NO3-N in USA (US EPA, 1987), 12 ppm in Europe and 45 ppm in India. The drawback with 
the physico-chemical methods which are used to treat low concentrated nitrate wastes is generation of 
secondary wastes. Biological denitrification is a widely employed method for removing nitrate from 
municipal wastewaters. The reduction takes place in several steps and can be accomplished by a wide 
range of bacteria. Reduction of nitrates to nitrites is carried out by the nitrate respirators whereas true 
denitrifies reduces nitrates to nitrogen. Suspended and fixed-film biomass in various systems like 
rotating biological contactors, sequencing batch reactors [1] or membrane bioreactors can be used for 
nitrate removal. However, high level of nitrite (several thousands of ppm) can inhibit the  denitrification 
process [2]. Bacterial cells immobilized in compact microbial granules may be able to overcome the 
inhibitory effects. Moreover, such mixed species bacterial granule based systems produce less amount 
of sludge as well as occupies smaller footprint. Development of suitable consortium for treating high 
strength nitrates involves gradual acclimatization (stepwise increase in concentration) of sludge to the 
nitrate levels. Here we discuss the development of denitrifying mixed microbial granules  based 
laboratory scale SBR capable nitrate removal from high strength waste.  
2. Materials and methods 
2.1. Sequence Batch Reactor (SBR) operation 
    Mixed species granular biofilms were grown in a 6-liter laboratory-scale sequencing batch reactor 
(SBR). The SBR was inoculated with seed sludge collected from the outlet of aeration tank of an 
operating domestic-wastewater treatment plant at Kalpakkam, India.  The SBR was fed with synthetic 
wastewater containing acetate as the sole carbon source and with the following media composition (in 
g/l): sodium acetate 10 g, sodium nitrate 5 g, MgSO4.7H2O 0.08 g, KCl 0.035 g, K2HPO4 0.06 g, 
KH2PO4, 0.028 g,  pH 7.43 and trace elements 0.1 ml/L. An impeller rotated at100 rpm provided 
continuous mixing in the SBR. The SBR was operated with 24 hour cycle period, consisting of 5 min 
filling, 23 hour reaction, 5 min settling, 10 min effluent decant period and 40 min idle period. The SBR 
was operated with 50 % volumetric exchange ratio. Head space of 2 L was provided to p revent any 
solid losses generally caused because of foaming. ELTEK Labstir with a working speed 30 to 200 
RPM was used for mixing and stirrer speed was kept at 100 RPM to avoid damage to the granules and 
to maintain homogeneity. 
2.2. Nitrate and nitrite estimation 
 
  
    Nitrate was estimated by reaction with diazotizing reagent and measurement of absorbance at 540 
nm, subsequent to passing through a cadmium reduction column according to standard methods [3]. 
Nitrite was estimated by reaction with naphtylethylene diaminedihydro-chloride (NED) as per standard 
methods. Nitrate was also determined by HPLC at 210 nm using UV-Vis detector. 
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3. Results and discussion 
Acclimatisation  
 
Fig.1. Morphology of denitrifying granular sludge developed in SBR. Sample was collected on 20th day Scale bar 
= 1 mm. 
    Fig. 1 shows the morphological features of the granular sludge developed in the SBR after 20 days 
of operation. From the figure  it can be seen that most of the biomass is in the form of microbial 
granules with very little in the form of flocs.   
    Fig 2. shows influent and effluent nitrate concentrations. Initially the reactor was started with 677 
ppm of nitrogen concentration and biomass was acclimatised.  It was seen that complete denitrification 
occurs. On 10th day the nitrate concentration was increased to 1354 ppm and on 20th the nitrate 
concentration was further raised to 2032 ppm; it was increased to 2709 ppm on and 25th day.  
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Fig.2. Influent nitrate and effluent nitrite levels during denitrification in a 6-litre SBR. 
 
     Fig.3.shows the denitrification profile in 6-litre SBR fed with media containing nitrate. The nitrate 
concentration dropped from 1500 ppm to less than 10 ppm within 2 hrs and it was observed that the 
there was nitrite build-up but it also reduced within 4 hours. 
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Fig.3.Denitrification profile in 6-litre SBR fed with media containing nitrate 
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Fig.4. Nitrate and nitrite profile during denitrification 
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Fig.5.Nitrate and nitrite profile during denitrification 
 
 
    Fig.4 and fig.5 show the variations in the nitrate and nitrite concentrations during the cycle while 
employing different initial nitrate concentrations. As the influent nitrate concentrations increased, the 
time for nitrate reduction also increased. Nitrite build-up was observed for a short time for the influent 
nitrate concentrations less than 2000 ppm. It is clear from the figure that the nitrite build -up was there 
during entire cycle period.  
4. Conclusion 
 
A denitrifying granular microbial consortium capable of removing up to 3500 mg/l of nitrate-N at a 
C:N ratio of 2:1 was developed in a 6 liter SBR. 
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